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Description 


[HYDRODYNAMIC BEARING, SPINDLE 
MOTOR USING THE SAME AND DISC 
DRIVE APPARATUS PROVIDED WITH 
SPINDLE MOTOR] 

Background of Invention 
[000 1 ] BACKGROUND OF THE INVENTION 
[0002] 1. Field of the Invention 

[0003] jhe present invention relates to a hydrodynamic bearing, 
a spindle motor using the same and a disc drive apparatus 
provided with the spindle motor. 

[0004] 2. Description of the Prior Art 

[0005] As a bearing for rotatably supporting a rotor of a spindle 
motor used for a disc drive apparatus such as a hard disc 
drive or the like, it is started to employ a hydrodynamic 
bearing which is quiet, has a low vibration and can obtain 
a stable rotation. 


[0006] As the hydrodynamic bearing mentioned above, for exam- 
ple, there is U.S. Patent No. 5,423,612. Fig. 4 shows a 
partly schematic structure of U.S. Patent No. 5,423,612 
mentioned above as a partly enlarged cross sectional 
view. 

[0007] a thrust plate 102 is fixed to a fixed shaft 100, and a lu- 
bricating oil 106 corresponding to a working fluid is re- 
tained between an outer peripheral surface of the fixed 
shaft 100 positioned in a lower side of the thrust plate 
102 in an axial direction, and an outer peripheral surface 
of a rotor 104 opposing to the outer peripheral surface in 
a radial direction. Further, a radial bearing portion 108 is 
structured by forming a radial dynamic pressure generat- 
ing groove 104a which generates a supporting pressure 
for supporting a radial load applied to the rotor 104 by 
moving the lubricating oil 106 in a predetermined direc- 
tion, at a rotating time of the rotor 104, on an inner pe- 
ripheral surface of the rotor 104. 

[0008] Further, the lubricating oil 106 is retained continuously 

between an axial lower end surface of the thrust plate 102 
and an axial upper end surface of the rotor 104 opposing 
to the axial lower end surface in the axial direction, and 
between an axial upper end surface of the thrust plate 


102 and a thrust bush 110 mounted to the rotor 104 op- 
posing to the axial upper end surface in the axial direc- 
tion. Further, a pair of thrust bearing portions 112 and 
114 are structured by forming thrust dynamic pressure 
generating grooves 102a and 102b which generate a sup- 
porting pressure for supporting an axial load applied to 
the rotor 104 by moving the lubricating oil 106 in a pre- 
determined direction, at a rotating time of the rotor 104, 
on the lower end surface and the upper end surface of the 
thrust plate 102. 

[0009] | n the case of the hydrodynamic bearing having the lubri- 
cating oil 106 as the working fluid, a taper-shaped seal 
gap is formed in an end portion of the bearing portion, 
and a gas-liquid interface between the lubricating oil and 
the air is formed and retained within the taper-shaped 
seal gap (refer to a capillary seal portion 116 in Fig. 4). 

[0010] | n the capillary seal portion in the hydrodynamic bearing, 
a difference is generated in a capillary force of the lubri- 
cating oil in correspondence to a position where the 
boundary surface of the lubricating oil is formed, by being 
progressively expanding a gap dimension of the gap 
formed within the capillary seal portion in correspondence 
to being apart from the bearing portion. Accordingly, in 


the case that an amount of the lubricating oil retained in 
the bearing portion is reduced, lubricating oil is supplied 
from the capillary seal portion, and in the case that a vol- 
ume of the lubricating oil retained within the bearing por- 
tion is increased due to a temperature increase of the like, 
the increased amount is received. 

[0011] Further, in a capillary seal portion 116 illustrated in Fig. 4, 
a gas-liquid interface 118 between the air and the lubri- 
cating oil 106 which is communicated with an external 
portion of the bearing portion through the radial gap be- 
tween the shaft 100 and the thrust bush 110 is formed in 
a meniscus shape directed to an inner side in a radial di- 
rection. In accordance with the structure, since a centrifu- 
gal force is applied so as to press the gas-liquid interface 
118 to an outer side in the radial direction, that is, toward 
the thrust bearing portions 112 and 114, at a time when 
the rotor 104 rotates at a high speed, it is possible to 
more effectively prevent the lubricating oil 106 from leak- 
ing to the external portion of the bearing portion. 

[0012] | n t his case, during the use of the spindle motor men- 
tioned above, a vibration and an impact force (hereinafter, 
described as an external shock) is applied to the rotor 104 
from the external portion due to various causes. In the 


case that the external shock is applied at the rotating time 
of the rotor 104, there is a low possibility that a vibration 
and a turbulence in attitude are generated in the rotor 
104 on the basis of a damping effect caused by a dynamic 
pressure generated in the thrust bearings 102a and 102b 
and the radial bearing portion 108 and a viscosity of the 
lubricating oil 106. However, since no dynamic pressure is 
generated at a time when the rotation of the spindle mo- 
tor is stopped, only the viscosity of the lubricating oil 106 
stands against the external shock of the motor. 
[0013] | n the case of the structure shown in Fig. 4, when the ex- 
ternal shock is applied to the spindle motor in a state in 
which the spindle motor stops, the rotor 104 oscillates 
vertically in the axial direction as shown by an arrow A. In 
this case, since the gap in the axial direction is formed in 
each of the thrust bearing portions 102a and 102b and 
the capillary seal portion 116, the axial dimension of the 
gap is changed in both of the thrust bearing portions 
102a and 102b and the capillary seal portion 116, on the 
basis of the oscillation of the rotor 104 caused by the ex- 
ternal shock. In addition, the gas-liquid interface 118 os- 
cillates in a radial direction as shown by an arrow B, in ac- 
cordance with a change of the gap in the axial dimension. 


[0014] | n the case that the rotor 104 oscillates downward in the 
axial direction as shown by the arrow A at this time, the 
axial dimension of the seal gap is narrowed in the capil- 
lary seal portion 116, in addition to the gap of the thrust 
bearing portion 114 formed between the thrust plate 102 
and the thrust bush 110. Accordingly, the gas-liquid in- 
terface 118 of the capillary seal portion 116 is in a state 
of swelling out to the inverse direction to the meniscus 
shape illustrated in Fig. 4, that is, to the inner side in the 
radial direction. Further, in the case that the external 
shock applied to the rotor 104 is more than a surface ten- 
sion of the lubricating oil 106, a breakage of the gas- 
liquid interface 118 is caused, and the lubricating oil 106 
is scattered to the external portion of the bearing. 

[0015] The lubricating oil 106 scattered to the external portion of 
the bearing portion by the breakage of the gas-liquid in- 
terface 118 contaminates the internal portion and the ex- 
ternal portion of the spindle motor in accordance with the 
rotation of the rotor 104. For example, in the case that 
the scattered lubricating oil 106 is attached to a recording 
surface of a recording disc such as a hard disc or the like 
mounted to the rotor 104, and a head reading and writing 
a recording date with respect to the recording disc, it is 


hard to read and write the recording data so as to cause 
generation of a read and write error in the recording data, 
so that a reliability of the disc drive apparatus is deterio- 
rated. 

[0016] Further, when the lubricating oil 106 is scattered to the 
external portion of the bearing portion, a retaining 
amount of the lubricating oil 106 is insufficient in the in- 
ternal portion of the bearing portion, a bearing rigidity is 
lowered, and a rotation support of the rotor 104 is unsta- 
ble. In addition, a contact sliding is generated between the 
thrust plate 102, and the shaft 100 and the rotor 104 due 
to a deplete of the retaining amount in the lubricating oil 
106, so that there is a case that a seizure is generated. 

[0017] | n t his case, in U.S. Patent No. 2003-0030222, there is 

disclosed a structure in which the capillary seal portion is 
formed not in a direction orthogonal to the rotation axis 
but in a direction inclined to the rotation axis. In accor- 
dance with the structure of the capillary seal portion men- 
tioned above, it is possible to make a volumetric capacity 
of the capillary seal portion larger than that of the struc- 
ture in Fig. 4, however, since the capillary seal portion is 
affected by the change of the gap dimension caused by 
the oscillation of the rotor in the axial direction, a resis- 


tance property comes short against the external shock at 
a time when the rotation of the motor stops as mentioned 
above. 
Summary of Invention 

[0018] An object of the present invention is to maintain a seal 

strength of a capillary seal portion high even when a spin- 
dle motor is rotated at a high speed, to increase a volu- 
metric capacity within the capillary seal portion, and to al- 
low a sufficient amount of lubricating oil to be retained. 

[0019] Further, another object of the present invention is to rein- 
force a resistance property against an external shock at a 
time when the spindle motor stops rotating. 

[0020] Further, the other object of the present invention is to 

prevent the lubricating oil from being scattered to an ex- 
ternal portion of the bearing with respect to the external 
shock at a time when the spindle motor stops rotating. 

[0021] Further, the other object of the present invention is to 
provide a hydrodynamic bearing, a spindle motor and a 
disc drive apparatus which achieve the objects mentioned 
above and are excellent in a reliability and a durability. 

[0022] | n order to achieve the object mentioned above, in accor- 
dance with one aspect of the present invention, there is 
provided a hydrodynamic bearing in which a capillary seal 


portion is formed continuously in a bearing portion having 
a lubricating oil retained in a micro gap as a working fluid. 
The capillary seal portion is provided with a first capillary 
seal portion having a first radial gap, a dimension of the 
first radial gap being getting at least wider in accordance 
with increasing a distance from the bearing portion in a 
rotation axis. And the capillary seal portion is provided 
with a second capillary seal portion adjoining the first 
capillary seal portion and having a second radial gap, a 
dimension of the second radial gap being getting at least 
wider in accordance with increasing a distance from the 
bearing portion in the rotation axis. The second capillary 
seal portion is expanded progressively in accordance with 
getting toward an outer side in an axial direction. 
[0023] | n accordance with the aspect of the hydrodynamic bear- 
ing on the basis of the present invention, since it is possi- 
ble to simultaneously achieve an expansion of a volumet- 
ric capacity of the capillary seal portion and a reinforce- 
ment of a resistance property against the external shock, 
it is possible to prevent the lubricating oil from being 
scattered to the external portion of the bearing portion 
even at a time when the spindle motor is rotated at a high 
speed. Further, since the second capillary seal portion is 


expanded progressively toward the outer side in the axial 
direction, the lubricating oil retained in the second capil- 
lary seal portion at a time when the spindle motor is ro- 
tated at the high speed is pressed to the side of the first 
capillary seal portion on the basis of the centrifugal force, 
whereby it is possible to reinforce a seal strength of the 
second capillary seal portion. Further, since the second 
capillary seal portion is expanded progressively toward 
the outer side in the axial direction, it is possible to rein- 
force the resistance property against the external shock 
from the axial direction at a time when the spindle motor 
stops rotating, and it is possible to prevent the lubricating 
oil from being scattered to the external portion of the 
bearing portion, so that an application range of the hy- 
drodynamic bearing is expanded, it is possible to prevent 
the lubricating oil from coming short of the retaining 
amount within the bearing portion, and it is possible to 
improve a durability and a reliability. 
Brief Description of Drawings 

[0024] pig. 1 is a cross sectional view schematically showing a 
skeleton structure of a spindle motor in accordance with 
an example of the present invention; 

[0025] pig. 2 is a partly enlarged cross sectional view schemati- 


cally showing a skeleton structure of the spindle motor 
shown in Fig. 1 near an upper thrust plate; 
[0026] pig. 3 is a schematic view showing a skeleton structure of 
a disc drive apparatus provided with the spindle motor 
shown in Fig. 1; 

[0027] pig. 4 is a partly enlarged cross sectional view schemati- 
cally showing a skeleton structure of a conventional hy- 
drodynamic bearing portion near a thrust plate; and 

[0028] Fig. 5 is a view showing a inclination angle of an inner pe- 
ripheral surface of a sleeve in accordance with the present 
invention, by using a cross sectional view schematically 
showing a skeleton structure of a spindle motor in accor- 
dance with an example of the present invention. 
Detailed Description 

[0029] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0030] a description will be given below of an embodiment of a 
hydrodynamic bearing, a spindle motor using the hydro- 
dynamic bearing and a disc drive apparatus provided with 
the spindle motor in accordance with the present inven- 
tion with reference to Figs. 1 to 3 and Fig. 5. In this case, 
in the description of the embodiment of the present in- 
vention, a vertical direction in each of the drawings is re- 


garded as a vertical direction as a matter of convenience, 
however, this does not limit a direction in an actual 
mounting state. 

[0031] a spindle motor illustrated in Fig. 1 is provided with a 

bracket 2, a shaft 4 which is fixed to the bracket 2, and a 
rotor 6 which is supported to the shaft 4 via a hydrody- 
namic bearing so as to freely rotate with each other. 

[0032] a center hole 2a to which one end portion of the shaft 4 is 
fitted and fixed is formed in a center of the bracket 2 cor- 
responding to a stationary member. 

[0033] The rotor 6 corresponding to a rotating member is pro- 
vided with a sleeve 6b which opposes to the shaft 4 via a 
hydrodynamic bearing portion, and a rotor hub 6a which 
is outward fitted and fixed to an outer peripheral portion 
of the sleeve 6b. The rotor hub 6a is an annular member 
which is formed in an approximately cup shape and is 
made of a stainless steel having a small thermal expan- 
sion coefficient or the like. A recording disc (illustrated as 
a disc plate 53 in Fig. 3) such as a hard disc or the like is 
mounted to an outer peripheral surface of a peripheral 
wall portion constituting an outer wall of the rotor hub 6a, 
and a rotor magnet 10 is firmly fixed to an inner periph- 
eral surface of the peripheral wall portion in accordance 


with an adhesive bonding or the like. The rotor magnet 10 
opposes to a stator 12 fixed to the bracket 2 via a gap in 
a radial direction. The sleeve 6b is an annular member 
which is formed in a hollow cylindrical shape from a com- 
paratively soft metal such as a copper, a copper alloy or 
the like, taking a processing characteristic into considera- 
tion. A bearing hole 6c inserted to the shaft 4 and pene- 
trating in an axial direction is formed in a center of the 
sleeve 6b, and the bearing hole 6c is rotatably supported 
to the shaft 4. 

[0034] Further, in an upper portion and a lower portion of the 

shaft 4, there are respectively mounted a disc-shaped up- 
per thrust plate (corresponding to a shaft annular mem- 
ber) 14 and a lower thrust plate 16 which protrude to an 
outer side in a radial direction. An upper step portion 6d 
and a lower step portion 6e respectively having diameters 
larger than outer diameters of the upper and lower thrust 
plates 14 and 16 are formed in positions of the bearing 
hole 6c in correspondence to the upper thrust plate 14 
and the lower thrust plate 16. An upper seal cap 18 and a 
lower seal cap 20 are mounted to an upper side and a 
lower side in an axial direction of the upper step portion 
6d and the lower step portion 6e, and the upper step por- 


tion 6d and the lower step portion 6e are closed by the 
upper seal cap 18 and the lower seal cap 20. 

[0035] a lubricating oil 8 continuously fills up a micro gap be- 
tween an outer peripheral surface of the shaft 4 and an 
inner peripheral surface of the sleeve 6b opposing thereto 
in the radial direction, and a micro gap between a lower 
surface (an inner surface in the axial direction) of the up- 
per thrust plate 14 and a flat surface of the upper step 
portion 6d in the sleeve 6b opposing thereto in the axial 
direction. Further, a dynamic pressure generating groove 
22 for generating a dynamic pressure in the lubricating oil 
8 in accordance with a rotation of the rotor 6 is formed in 
the flat surface of the upper step portion 6d, whereby an 
upper thrust bearing portion 24 is structured. 

[0036] The lubricating oil 8 continuously fills up the micro gap 
between the outer peripheral surface of the shaft 4 and 
the inner peripheral surface of the sleeve 6b opposing 
thereto in the radial direction, and a micro gap between 
an upper surface (an inner surface in the axial direction) 
of the lower thrust plate 16 and a flat surface of the lower 
step portion 6e in the sleeve 6b opposing thereto in the 
axial direction. Further, the dynamic pressure generating 
groove 22 for generating the dynamic pressure in the lu- 


bricating oil 8 in accordance with the rotation of the rotor 
6 is formed in the flat surface of the lower step portion 
6e, whereby a lower thrust bearing portion 26 is struc- 
tured. 

[0037] The dynamic pressure generating groove 22 formed in the 
thrust bearing portions 24 and 26 employs a pump-in 
type spiral groove in such a manner that the generated 
dynamic pressure can pressure feeds the lubricating oil 8 
toward the shaft 4. In this case, the dynamic pressure 
generating groove can be formed in the upper surface and 
the lower surface of the upper and lower thrust plates 14 
and 16, or in the flat surfaces of the upper and lower step 
portions 6d and 6e, and both the flat surfaces of the up- 
per and lower step portions 6d and 6eand the upper sur- 
face and the lower surface of the upper and lower thrust 
plates 14 and 16. 

[0038] As mentioned above, since the dynamic pressure generat- 
ing groove 22 in the upper and lower thrust bearing por- 
tions 24 and 26 is formed as the spiral groove, it is possi- 
ble to make the outer diameters of the upper and lower 
thrust plates 14 and 16 smaller in comparison with the 
case employing a herringbone groove. Accordingly, it is 
possible to reduce an influence which the lower thrust 


bearing portion 26 applies to a magnetic circuit portion 
constituted by the rotor magnet 10 and the stator 12, and 
it is possible to obtain a sufficient driving torque. Further, 
since the spiral groove has a smaller viscous resistance of 
the lubricating oil 8 generated at a time when the spindle 
motor rotates, in comparison with the herringbone 
groove, it is possible to reduce a loss in the upper and 
lower thrust bearing portions 24 and 26, and it is possible 
to improve an electric efficiency of the spindle motor. As a 
result, it is possible to restrict an electric power consump- 
tion of the spindle motor. 
[0039] As shown in Fig. 2 in a partly enlarged manner, in the 
outer peripheral surface of the upper thrust plate 14, 
there are formed a first conical surface 14a which extends 
in approximately parallel to a rotation axis from an outer 
peripheral end portion of the lower surface in the upper 
thrust plate 14 and thereafter extends toward a radially 
inner side in a direction inclined to the rotation axis, and 
a second conical surface 14b which is continuously pro- 
vided in the outer end portion of the first conical surface 
14a in the axial direction and has a inclination angle with 
respect to the rotation axis smaller than the first conical 
surface 14a (closer to parallel with respect to the rotation 


axis). 

[0040] Further, a small step portion 6dl is formed in the inner 
peripheral surface of the upper step portion 6d by partly 
notching the inner peripheral surface of the upper step 
portion 6d, and an annular upper ring-shaped member 
(corresponding to the sleeve annular member) 25 is firmly 
fixed to the small step portion 6dl in accordance with an 
adhesive bonding, a press fitting or the like. 

[0041] | n an i nn er peripheral surface of the upper ring-shaped 
member 25, there are formed an inclined surface 
(corresponding to a first inner peripheral surface) 25a 
which opposes to the first conical surface 14a of the up- 
per thrust plate 14 in the radial direction and extends to- 
ward the inner side in the radial direction from the flat 
surface of the small step portion 6dl in the direction in- 
clined to the rotation axis, and a vertical wall 
(corresponding to a second inner peripheral surface) 25b 
which is continuously provided in an outer end portion of 
the inclined surface 25a in the axial direction and is sub- 
stantially parallel to a rotation axis extending toward an 
outer side in the axial direction from the upper thrust 
bearing portion 24. Further, a first capillary seal portion 
28a is formed in a gap between the inclined surface 25a 


of the upper ring-shaped member 25 and the first conical 
surface 14a in such a manner that a dimension of the gap 
is expanded progressively toward the outer side in the ax- 
ial direction from the upper thrust bearing portion 24. In 
the same manner, a second capillary seal portion 28b is 
formed in a gap between the vertical wall 25b of the up- 
per ring-shaped member 25 and the second conical sur- 
face 14b in such a manner that a dimension of the gap is 
expanded progressively toward the outer side in the axial 
direction from the upper thrust bearing portion 24. 
[0042] The lubricating oil 8 retained in the thrust bearing portion 
24 fills up an inner side of a first capillary seal portion 28a 
formed between the first conical surface 14a and the in- 
clined surface 25a via a gap which is approximately paral- 
lel to a rotation axis formed between the outer peripheral 
surface of the upper thrust plate 14 and the inner periph- 
eral surface of the upper step portion 6d. Further, at least 
at a time when at least the rotor 6 stops rotating (in a sta- 
tionary state), the lubricating oil is retained so as to form 
a gas-liquid interface within the second capillary seal por- 
tion 28b connected to the outer end portion of the first 
capillary seal portion 28a in the axial direction. In other 
words, the first capillary seal portion 28a and the second 


capillary seal portion 28b function as the upper capillary 
seal portion 28. 

[0043] | n this case, the inclination angle of the first conical sur- 
face 14a in the upper thrust plate 14 is set to a range be- 
tween about 10 degree and 90 degree with respect to the 
rotation axis, preferably a range between about 55 degree 
and 65 degree. Further, the inclination angle of the in- 
clined surface 25a in the upper ring-shaped member 25 is 
set to a range between about 10 degree and 70 degree 
with respect to the rotation axis, preferably a range be- 
tween about 50 degree and 55 degree. At this time, the 
inclination angle of the first capillary seal portion 28a 
formed between the first conical surface 14a and the in- 
clined surface 25a is set to a range equal to or less than 
about 20 degree, preferably a range equal to or less than 
about 10 degree. Further, the inclination angle of the sec- 
ond conical surface in the upper thrust plate is set to a 
range between about 0 degree and 45 degree with respect 
to the rotation axis, preferably a range between about 10 
degree and 30 degree, and the vertical wall 25b of the 
upper ring-shaped member 25 substantially has no incli- 
nation angle except a tolerance range. At this time, the 
inclination angle of the second capillary seal portion 28b 


formed between the second conical surface 14b and the 
vertical wall 25b is set to a range equal to or less than 
about 45 degree, preferably a range equal to or less than 
about 15 degree. 
[0044] As mentioned above, since the upper capillary seal portion 
28 is inclined with respect to the rotation axis, it is possi- 
ble to make a distance from the gas-liquid interface of the 
lubricating oil 8 to the end portion of the upper thrust 
bearing portion 24, that is, a dimension of the gap having 
a function for storing the lubricating oil 8 as the capillary 
seal portion, larger in comparison with the case that the 
capillary seal portion is structured in the direction orthog- 
onal to the rotation axis(shown in Fig. 4). Accordingly, a 
volumetric capacity of the upper capillary seal portion 28 
is enlarged. 

[0045] Further, the first capillary seal portion 28b forming the 

upper capillary seal portion 28 has a larger inclination an- 
gle toward the inner side from the outer side in the radial 
direction with respect to the rotation axis, and the second 
capillary seal portion 28b continuously provided in the 
first capillary seal portion 28a has only a small inclination 
angle with respect to the rotation axis. Accordingly, when 
the rotor 6 is rotated at a high speed, the lubricating oil 8 


retained within the first capillary seal portion 28a is 
pressed to the side of the upper thrust bearing portion 24 
on the basis of a centrifugal force, and the gas-liquid in- 
terface of the lubricating oil 8 formed within the second 
capillary seal portion 28b is sucked into the first capillary 
seal portion 28a accordingly, so that a seal strength is re- 
inforced. 

[0046] Further, since the second capillary seal portion 28b in 
which the gas-liquid interface of the lubricating oil 8 is 
positioned at a time when at least the rotor 6 does not ro- 
tate, is formed so as to have a small inclination angle with 
respect to the rotation shaft, the gap between the lower 
surface of the upper thrust plate 14 and the flat surface of 
the upper step portion 6d is formed in the axial direction 
in the upper thrust bearing portion 24, and on the other 
hand, the gap in the radial direction is formed in the sec- 
ond capillary seal portion 28b. Therefore, in the case that 
the external shock is applied and the vibration in the axial 
direction is generated in the rotor 6, the dimension of the 
gap is changed in correspondence to the vibration in the 
upper thrust bearing portion 28, but the dimension of the 
gap of the second capillary seal portion 28b is hardly 
changed, whereby it is possible to prevent the gas-liquid 


interface from being broken due to the external shock 
mentioned above and prevent the lubricating oil 8 from 
being scattered to the external portion of the bearing 
portion in accordance with the breakage, so that it is pos- 
sible to prevent the inner side and the outer side of the 
spindle motor from being contaminated. 

[0047] | n other words, since the upper capillary seal portion 28 is 
formed so as to have two stage inclination angles of the 
first capillary seal portion 28a and the second capillary 
seal portion 28b, it is possible to simultaneously achieve 
various technical purposes of the capillary seal portion 
constituted by the increase of the volumetric capacity 
within the capillary seal portion, the reinforcement of the 
seal strength, and the prevention of the lubricating oil 
from being scattered due to the external shock applied at 
a non-rotating time. 

[0048] | n this case, the minimum dimension of the gap of the 

upper capillary seal portion 28 is set to be larger than the 
dimension of the gap which is formed between the outer 
peripheral surface of the upper thrust plate 14 and the in- 
ner peripheral surface of the upper step portion 6d, and is 
approximately parallel to the rotation axis. Further, the 
dimension of the gap of the upper thrust bearing portion 


24 in the axial direction is set to be smaller than the di- 
mension of the gap which is formed between the outer 
peripheral surface of the upper thrust plate 14 and the in- 
ner peripheral surface of the upper step portion 6d, and is 
approximately parallel to the rotation axis. 

[0049] | n other words, in the case that the retaining amount of 

the lubricating oil 8 is reduced in the upper thrust bearing 
portion 24, the lubricating oil 8 retained within the upper 
capillary seal portion 28 on the basis of a capillary force is 
supplied to the upper thrust bearing portion 24 via the 
gap which is formed between the outer peripheral surface 
of the upper thrust plate 14 and the inner peripheral sur- 
face of the upper step portion 6d and is approximately in 
parallel to the rotation axis. 

[0050] on the contrary, in the case that the lubricating oil 8 re- 
tained in the upper thrust bearing portion 24 is volume 
expanded due to a temperature increase or the like, the 
boundary surface of the lubricating oil 8 moves in the di- 
rection in which the gap dimension is more expanded 
within the second capillary seal portion 28b in the upper 
capillary seal portion 28, whereby the volume increased 
lubricating oil 8 is received within the upper capillary seal 
portion 28. 


[0051] | n this case, a lower capillary seal portion 30 is also 

formed in the outer peripheral portion of the lower thrust 
plate 16 with respect to the lower ring-shaped member 
27 opposing thereto in the radial direction, on the basis of 
the same structure as that of the outer peripheral portion 
of the upper thrust plate 14, which is not particularly il- 
lustrated. 

[0052] As mentioned above, since the dynamic pressure generat- 
ing groove 22 in the upper and lower thrust bearing por- 
tions 24 and 26 is constituted by the pump-in type spiral 
groove in which the dynamic pressure generated thereby 
pressure feeds the lubricating oil 8 toward the inner side 
in the radial direction, the dynamic pressure generated in 
the upper and lower thrust bearing portions 24 and 26 
has a pressure gradient in which the dynamic pressure 
becomes higher toward the inner side in the radial direc- 
tion. Accordingly, bubbles generated in the lubricating oil 
8 retained in the upper and lower thrust bearing portions 
24 and 26 at a time of filling the lubricating oil 8 in the 
inner portion of the bearing portion or the like move to 
the outer side in the radial direction having a lower pres- 
sure from the inner side in the radial direction of the up- 
per and lower thrust bearing portions 24 and 26 having a 


higher pressure. Further, the bubbles finally move to the 
upper and lower capillary seal portions 28 and 30 having 
the largest gap dimension and the lowest pressure in the 
gap retaining the lubricating oil 8, and are discharged to 
the air from the gas-liquid interface of the lubricating oil 
8. 

[0053] An annular recess portion 4a is formed in an approxi- 
mately center portion of the outer peripheral surface in 
the shaft 4, and the recess portion 4a is provided with a 
pair of inclined surfaces in which the gap in the radial di- 
rection between the outer peripheral surface of the shaft 4 
and the inner peripheral surface of the bearing hole 6c is 
inclined toward the inner side in the axial direction. Fur- 
ther, a communication hole 36 communicating with the 
air in the inner portion of the shaft 4 is open to the recess 
portion 4a. 

[0054] The communication hole 36 is constituted by a vertical 
hole penetrating the center of the shaft 4 in the axial di- 
rection, a first opening portion 36a open to the recess 
portion 4a extended in the radial direction from the verti- 
cal hole, and a second opening portion 36b which is con- 
tinuously provided in the lower capillary seal portion 30 
and is open to a space communicating with the outer por- 


tion of the bearing through a micro gap defined between 
the inner peripheral surface of the lower seal cap 20 and 
the outer peripheral surface of the shaft 4. 
[0055] | n this case, the vertical hole is sealed by sealing members 
38 and 40 constituted by an elastic member, for example, 
a rubber or the like, in an opening portion open to both 
end portions of the shaft 4 in the axial direction, after 
processing and cleaning the shaft 4. Accordingly, the 
space closer to the inner portion of the bearing than the 
upper and lower seal caps 18 and 20 is communicated 
with the air only through the micro gap formed between 
the inner peripheral surfaces of the upper and lower seal 
caps 18 and 20, and the outer peripheral surface of the 
shaft 4. 

[0056] The air sucked into the communication hole 36 from the 
second opening portion 36b forms an annular gas inter- 
stitial portion 42 between a recess portion 4c to which the 
first opening 36a is open, and the inner peripheral surface 
of the sleeve 6b opposing to the recess portion 4c. Owing 
to the gas interstitial portion 42, the lubricating oil 8 re- 
tained in the micro gap between the outer peripheral sur- 
face of the shaft 4 and the inner peripheral surface of the 
sleeve 6b forms the gas-liquid interface and is separated 


into upper and lower sides in the axial direction within the 
capillary seal portion formed between a pair of inclined 
surfaces of the recess portion 4a and the inner peripheral 
surface of the sleeve 6b. 

[0057] | n t he inner peripheral surface of the sleeve 6b, at the po- 
sition corresponding to the lubricating oil 8 which is re- 
tained in a state of being separated into the upper and 
lower sides, a dynamic pressure generating groove 44 for 
generating the dynamic pressure in the lubricating oil 8 in 
accordance with the rotation of the rotor 6 is formed, and 
an upper radial bearing portion 46 and a lower radial 
bearing portion 48 are structured. The dynamic pressure 
generating grooves 44 formed in the upper and lower ra- 
dial bearing portions 46 and 48 employ herringbone 
grooves which pressure feed the generated dynamic pres- 
sure and the lubricating oil 8 toward the outer side in the 
axial direction, that is, toward the adjacent upper and 
lower thrust bearing portions 24 and 26, and have an un- 
balanced shape in the axial direction. 

[0058] since the dynamic pressure generating grooves 44 in the 
upper and lower radial bearing portions 46 and 48 are 
formed in the shapes respectively pressure feeding the lu- 
bricating oil 8 to the side of the upper and lower thrust 


bearing portions 24 and 26, the bubbles generated in the 
lubricating oil 8 retained in the upper and lower radial 
bearing portions 46 and 48 at a time of filling in the lubri- 
cating oil 8 move to the interface with respect to the gas 
interstitial portion 42 having the lower pressure from the 
bearing portion having the higher pressure, and are dis- 
charged to the air in the outer portion of the bearing 
through the communication hole 36 from the gas intersti- 
tial portion 42. 

[0059] The dynamic pressure generating groove 22 formed in the 
upper and lower thrust bearing portions 24 and 26 is 
constituted by the spiral groove, and can not generate a 
sufficient load supporting pressure to support the rotor 6 
only by itself. However, as mentioned above, the herring- 
bone groove which is unbalanced in the axial direction is 
formed as the dynamic pressure generating groove 44 in 
the upper and lower radial bearing portions 46 and 48 
adjacent to the upper and lower thrust bearing portions 
24 and 26. Accordingly, when the rotor 6 is rotated, the 
lubricating oil 8 is pressure fed to a portion near a 
boundary portion between the upper thrust bearing por- 
tion 24 and the upper radial bearing portion 46 and a 
portion near a boundary portion between the lower thrust 


bearing portion 26 and the lower radial bearing portion 
48. Accordingly, it is possible to generate the dynamic 
pressure which is required for supporting the load applied 
to the rotor 6 in accordance with cooperation of both the 
bearing portions, and it is possible to stably support the 
rotor 6. 

[0060] Further, since the lubricating oil 8 is continuously retained 
in the upper and lower thrust bearing portions 24 and 26 
and the upper and lower radial bearing portions 46 and 
48 adjacent thereto, the gas interstitial portion 42 sepa- 
rating the upper and lower radial bearing portions 46 and 
48 is communicated with the air through the communica- 
tion hole 36, the gas-liquid interface of the lubricating oil 
8 in the upper and lower thrust bearing portions 24 and 
26 positioned within the upper and lower capillary seal 
portions 28 and 30, and the gas-liquid interface of the lu- 
bricating oil 8 retained within the upper and lower radial 
bearing portions 46 and 48 which are positioned within 
the capillary seal portion defined between a pair of in- 
clined surfaces of the recess portion 4a and the bearing 
hole 6c are exposed substantially to the same air pres- 
sure. 

[0061] Accordingly, in the case that the gas-liquid interface of 


the lubricating oil 8 retained within the upper and lower 
capillary seal portions 28 and 30 or the gas-liquid inter- 
face of the lubricating oil 8 retained within the capillary 
seal portion formed between a pair of inclined surfaces of 
the recess portion 4a and the inner peripheral surface of 
the sleeve 6b moves in a direction moving apart from the 
bearing portion, for example, due to the centrifugal force 
and the external shock to the spindle motor, another gas- 
liquid interface moves to a position having an equal radius 
of curvature of the gas-liquid interface of the lubricating 
oil 8 within the respective capillary seal portions at which 
the respective gas-liquid interface are positioned, thereby 
balancing. Accordingly, the lubricating oil can be stably 
retained without deteriorating a sealing effect. 
[0062] Further, the lubricating oil 8 is continuously retained in 
the upper and lower thrust bearing portions 24 and 26 
adjacent to the upper and lower radial bearing portions 46 
and 48, and the dynamic pressure becomes maximum 
only in one point and does not become minimum in a 
range from one gas-liquid interface of the lubricating oil 
8 in the hydrodynamic bearing portion to another gas- 
liquid interface of the lubricating oil 8. Accordingly, even 
in the case that the bubbles are contained in the lubricat- 


ing oil 8, the bubbles can be automatically removed from 
the gas-liquid interface positioned within the taper- 
shaped gap having the minimum pressure to the air in the 
outer portion of the bearing. 

[0063] As mentioned above, the bubbles generated in the lubri- 
cating oil 8 retained in each of the hydrodynamic bearing 
portions sequentially move to the low pressure side, and 
are discharged to the air from each of the gas-liquid in- 
terface of the lubricating oil 8. Accordingly, the bubbles 
do not stay in the lubricating oil 8 retained in each of the 
hydrodynamic bearing portions. Further, since no special 
structure is required for discharging the bubbles, the 
structure of the spindle motor can be simplified. 

[0064] a difference in a flow speed of an air flow generated in 
accordance with the rotation of the rotor 6 is generated 
between the gap in the axial direction formed between the 
upper and lower thrust plates 14 and 16 and the upper 
and lower seal caps 18 and 20 at a time when the spindle 
motor is rotated, and the gap in the radial direction 
formed by the outer peripheral surface of the shaft 4 and 
the upper and lower seal caps 18 and 20, by setting the 
radial dimension of the gap formed between the inner pe- 
ripheral surfaces of the upper and lower seal caps 18 and 


20 and the outer peripheral surface of the shaft 4 to be as 
short as possible. Accordingly, since a vapor pressure can 
be kept high near the gas-liquid interface by making an 
outflow resistance toward the external portion of the 
spindle motor with respect to a vapor (an oil mist) gener- 
ated by the vaporized lubricating oil 8, it is possible to 
prevent a further transpiration of the lubricating oil 8. 

[0065] | n this case, if an oil repellent, for example, constituted by 
a fluorine material is applied to the portion near the gas- 
liquid interface of the lubricating oil 8, in the shaft 4, the 
upper and lower seal caps 18 and 20, the upper and lower 
ring-shaped members 25 and 27, and the upper and 
lower thrust plates 14 and 16, it is possible to more effec- 
tively prevent the lubricating oil 8 from leaking out to the 
external portion of the spindle motor on the basis of an 
oil migration phenomenon, at a time when the spindle 
motor stops rotating at which no centrifugal force is ap- 
plied to the lubricating oil 8. 

[0066] Next, a description will be given of an internal structure of 
a general disc drive apparatus 50 with reference to Fig. 3. 
An inner portion of a housing 51 forms a clean space hav- 
ing an extremely small amount of dusts or the like, and a 
spindle motor 52 to which disc-shaped disc plates 53 


recording information are attached is placed in the inner 
portion of the housing 51. In addition, a head moving ap- 
paratus 57 reading and writing the information with re- 
spect to the disc plates 53 is arranged in the inner portion 
of the housing 51, and the head moving apparatus 57 is 
constituted by a head portion 56 reading and writing the 
information on the disc plates 53, an arm 55 supporting 
the head, and an actuator portion 54 moving the head 56 
and the arm 55 to a desired position on the disc plate 53. 
[0067] it j S possible to support the rotation at a high speed and 
at a high precision by using the spindle motor illustrated 
in Fig. 1 as the spindle motor 52 of the disc drive appara- 
tus 50, it is possible to correspond to a high volumetric 
capacity of the disc plate 53, and it is further possible to 
prevent the inner portion of the housing 51 from being 
contaminated by the lubricating oil scattered from the hy- 
drodynamic bearing portion of the spindle motor 52. Ac- 
cordingly, it is possible to prevent a read and write error 
of the recording data on the disc plate 53 from being 
generated as much as possible, and it is possible to ob- 
tain the structure which is excellent in a reliability and a 
durability. 

[0068] | n this case, as shown in Fig. 5, the first inner peripheral 


surface of the sleeve structuring the first capillary seal 
portion in accordance with the present invention forms a 
first angle 6 i with respect to the rotation axis, and the an- 
gle 6 i employs an angle value having relation 0 90°. 
Further, the second inner peripheral surface of the sleeve 
structuring the second capillary seal portion in accordance 
with the present invention forms a second angle 6 2 with 
respect to the rotation axis, and the angle employs an 
angle value having relation 0 ^© 2 ^ 90°. 

[0069] The description is given above of the embodiment of the 
hydrodynamic bearing, the spindle motor using the same 
and the disc drive apparatus provided with the spindle 
motor in accordance with the present invention, however, 
the present invention is not limited to the embodiment 
mentioned above, but can be modified and changed vari- 
ously within the scope of the present invention. 

[0070] For example, the gap which is formed between the upper 
and lower thrust plates 14 and 16 and the inner periph- 
eral surfaces of the upper and lower step portions 6d and 
6e and is approximately parallel to the rotation axis is 
provided on the basis of the necessity that the flat surface 
is formed in the outer peripheral end portions of the up- 
per and lower thrust plates 14 and 16 for the tool to hold 


the outer peripheral end portions of the upper and lower 
thrust plates 14 and 16, at a time of processing the upper 
and lower thrust plates 14 and 16. However, in the case 
that such the necessity does not exist, the conical surface 
may be formed continuously in the outer peripheral end 
portions of the lower surface and the upper surface of the 
upper and lower thrust plates 14 and 16 without the pro- 
vision of the outer peripheral end portions of the upper 
and lower thrust plates 14 and 16. 

[0071] Further, the present invention can be applied not only to 
the spindle motor in which the sleeve is rotated, but also 
to a spindle motor in which a shaft is rotated. 

[0072] Further, in the embodiment mentioned above, the rotation 
of the rotor 6 is supported by using the hydrodynamic 
bearing portion constituted by a pair of radial bearing 
portions 46 and 48 and a pair of thrust bearing portions 
24 and 26. However, the structure may be made such that 
a load in a radial direction and a load in an axial direction 
applied to the rotor are simultaneously supported by one 
hydrodynamic bearing portion. 

[0073] For example, the present invention can be applied also to 
the structure disclosed in U.S. Patent Application No. 
2003-30222. In other words, the spindle motor is pro- 


vided with a pair of hydrodynamic bearing portions in an 
axial direction, each of the hydrodynamic bearing portions 
being constituted by an inclined surface of a conical 
member fixed to an outer peripheral surface of the shaft, 
an inner peripheral surface of the sleeve opposing to the 
inclined surface of the conical member in a radial direc- 
tion, a micro gap formed between the inclined surface of 
the conical member and the inner peripheral surface of 
the sleeve or the outer peripheral inclined surface of the 
conical member. The rotor is supported by forming a dy- 
namic pressure generating groove in the inner peripheral 
surface of the sleeve. Further, a capillary seal portion is 
formed between an inner peripheral surface of a cap 
member fixed to an upper side in the axial direction of the 
sleeve, and an outer peripheral surface of the conical 
member continuously provided in the hydrodynamic bear- 
ing portion. The same operational effects as those of the 
embodiment mentioned above can be obtained by using 
the capillary seal portions 28 and 30 in accordance with 
the present invention for the spindle motor. 
[0074] The disclosure of Japanese Patent Application No. 

2003-079928 filed March 24, 2003 including specifica- 
tion, drawings and claims is incorporated herein by refer- 


ence in its entirety. 


